Heterocyclic Carbonylureas, JH NMR, Virus Inhibitors N-(2-Thiophenoyl)urea, its 5-chloro and 5-methyl derivatives, N-ethyl-N'-(2-thiophenoyl)urea, N-phenyl-N'-(5-methyl-2-thiophenoyl)urea, N-(2-furanoyl)urea, N -(lmethyl-2-pyrroyl)urea and 5-methyl-2-thiophene-carboxamide have been prepared. The JH NM R spectra o f the ureides have been analysed. These ureides show antiviral activity Some thiophenoyl-, furoyl-and 1-methylpyrroylureas (1; Z = S, 0 and NMe respectively), synthesised as potential antiviral agents, have been found to inhibit cytopathic effects in several virus-host systems, details of which are to be reported else where. Surprisingly few simple ureides of this type have been described.
Some thiophenoyl-, furoyl-and 1-methylpyrroylureas (1; Z = S, 0 and NMe respectively), synthesised as potential antiviral agents, have been found to inhibit cytopathic effects in several virus-host systems, details of which are to be reported else where. Surprisingly few simple ureides of this type have been described.
Substituted thiophenecarboxylic acids were pre pared by reacting 2-substituted thiophenes with sodium, followed by treatment with C 02, the prod uct obtained depending on the conditions of metalation. Thus, 2-chlorothiophene and sodium in refluxing benzene gave rise to 2-thiophenecarboxylic acid, but in ether, the 5-chloro-acid (2; Z = S, R = C 1 ) was the eventual product1. 2-Methylthiophene, metalated in ether, gave rise to the 5-methyl acid (2 ; Z = S, R = Me)1.
n -r i -
l-Methyl-2-pyrrolecarboxylic acid (2; Z =N M e, R = H ) was prepared by oxidation of the aldehyde with silver oxide2.
Each monosubstituted urea was prepared from the acid chloride (3; X = Cl) and urea as described Requests for reprints should be sent to Dr. D. G. O ' S u l l i v a n , The Middlesex Hospital Medical School, London W 1P 5P R , England. below for 2-thiophenoylurea. N-Substituted thiophenoylureas (1; Z = S) were prepared by reacting the carboxamide (3; Z=S, X = N H 2 ) with an isocyanate. Reaction with phenyl isocyanate oc curred at 180 °C, but, reaction with ethyl isocyanate was effected by prolonged heating in boiling toluene, because ethyl isocyanate tended to polymerise at higher temperatures.
'H NMR Spectra
In a monosubstituted thiophene, furan or pyrrole, possessing an electron-attracting substituent in the 2-position, the signal due to the proton in the 3-position may be moved sufficiently downfield to give an AMX-type system. Fig. 1 shows an example of this type o f spectrum.
A 4-proton will be little affected by a substituent at the 2-position (1; R = H ) and thus the high-field aromatic signals can reasonably be assigned to H 4 in all cases (Table I ). Ambiguity may arise over absorptions due to H 3 and H 5, and in 2-thiophenoyl urea these were assigned by consideration of the H 3 signals shown by its 5-methyl and 5-chloroderivatives (Table I) in the same solvent, and also the substituent effect3 due to the methyl group. The doublet due to H 4 shown by the 5-methyl compound (Table I ) displayed signs of further splitting by coupling with the adiacent methyl group ( J is of the order of 0.95 H z4).
o co.NH.co.NH2 _i_1 _1 _1 _1 _1 1 1 1 J_I _I _I _I _I _I _I _L . The coupling constants of furans fall into discrete ranges: J 35 = 0.7 -1-15 Hz, J45 = 1-7 -2-15 Hz, and J 3i = 3.05 -3-55 Hz5. Thus the low-field signals shown by 2-furoylurea (Table I ) could be readily assigned from the nature of the splitting. Coupling between H 3 and H 5 was not observed. The chemical shifts of H 5 and H 3 (Table I) relative to those of the a-and /9-hydrogens in furan (r 25 = 2 • 37 and r34 = 3 ■ 55) measured in the same solvent indicate substituent effects due to the CO.NH.CO. N H 2 group of -0-33 and -1-18 ppm, respec tively. These values are larger (in a negative sense) than any others obtained for nitro and carbonylcontaining substituents in furans5-6. As substituent effects may be correlated with Hammett a-values, large negative values obtained for the former suggest high electronegativity.
No published data were available for the chemical shifts or coupling constants of the ring protons of N-methylpyrrole, but we obtained values of (Table I ) could be assigned from the character o f the splitting. The pattern of the spectrum is similar to that of 2-acetyl-N-methylpyrrole7, which shows the same sequence of quartettriplet-quartet. In the latter case, however, the assignment (to H 5) that was made for the signal at the lowest field was probably erroneous. 5-Methyl-2-thiophenecarboxylic acid (3.55 g, 0.025 mole) and thionyl chloride (9 ml) were heated under reflux for 1 hour. The excess of thionyl chloride was removed by distillation and sodiumdried benzene (7.5 ml) added to the residue and then evaporated. The crude acid chloride was added drop wise, with shaking, to ammonia solution (d. 0.88; 12.5 ml) at -10 °C. Crystallisation of the precipitate from ethanol gave the carboxamide as colourless needles, m.p. 163.5-164 °C. Yield 2.15 g (61%). 2-Thiophenecarboxylic acid (3.20 g, 0.025 mole) and thionyl chloride (9 ml) were treated as in the preceding experiment. The crude acid chloride was then added dropwise to a stirred suspension of finely powdered urea (1.5 g, 0.025 mole) in sodiumdried benzene (8 ml) containing one drop of con centrated sulphuric acid, heated on a steam bath. Stirring was continued for 8 hours at reflux tem perature and then for 15 hours at room temperature.
The deposit that formed was collected, washed with light petroleum (b.p. 60-80 °C), triturated with saturated sodium hydrogen carbonate solution and finally washed with water. Crystallisation from aqueous ethanol gave the ureide (Table II) . Yield 1.0 g.
(Other monosubstituted ureas in Table I I were prepared similarly.)
N -E th y l-N '-(2 -t h io p h e n o y l )u rea (1 ; Z = S , R = H. R' = Et) 2-Thiophenecarboxamide (5.08 g, 0.04 mole) and ethyl isocyanate (8.52 g, 0.12 mole) in sodium-dried toluene (60 ml) was heated under reflux with stirring for 20 hours. The crystalline deposit that formed on cooling was recrystallised from ethanol to give the N-ethyl-ureide (Table II) 5-Methyl-2-thiophenecarboxamide (0.99 g, 0.007 mole) and phenyl isocyanate (0.84 g, 0.007 mole) were heated together slowly to 185 °C, when the mixture became almost liquid and then solidified. After 10 minutes at 185 °C, the mixture was cooled and crystallised from dioxan giving the N-phenylureide (Table II) . Yield 1.03 g. 
